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This is an author version of the contribution published on: 5 The definitive version is available at: environments with rugged terrain. Correspondingly, livestock should remain longer in feeding 4 sites in rugged heterogeneous pastures than in homogeneous pastures where animals may 5 alternate among feeding sites to facilitate diet mixing and to prevent satiation. The objective of 6 this study was evaluate how terrain and corresponding heterogeneity may affect the sequence 7 and pattern of feeding site selection of free-roaming livestock. Grazing patterns of mature 8 cows were evaluated on 6 ranches located in Arizona, Montana and New Mexico. Eleven to 19 9 cows were tracked for one to three month periods at each ranch using global positioning 10 system (GPS) collars. Positions were recorded at 10 or 15 minute intervals and used to identify 11 where cows grazed during the early morning (0500 to 1000 hours). Pastures (336 to 9740 ha) 12 at each ranch were divided into 7 to 9 sections (48 to 1082 ha) as an indicator of feeding sites. 13 Classification was based on cattle density and topographical and vegetation types. Sequences of 14 daily section selection were evaluated using transition matrixes. For all ranches, the sequence 15 of section selection differed from what would be expected by chance indicating that the section 16 selected on the following day depended on the section selected on the previous day. For 17 ranches with relatively gentle terrain, cattle selected different feeding sites about 70% of the 18 tracking period. In contrast, cows at the ranch with the largest pasture and enclosing both 19 mountainous and gentle terrain cows stayed in the same feeding site for over ten successive Livestock grazing behaviour is rich in complexity, because processes occur at multiple spatial 8 and temporal scales (Senft et al. 1987) . At finer scales, diet and patch selection, forage nutritive 9 levels, presence of secondary compounds, and forage quantity are critical criteria used by 10 livestock during selection (Bailey et al. 1996) . At coarser scales (e.g., feeding site selection), 11 abiotic factors such as slope and horizontal and vertical distance to water affect foraging 12 behaviour and can modify decision processes that occur at finer scales such as diet selection 13 (Bailey 2005). Livestock typically avoid areas far from water (Valentine 1947) and steep slopes 14 (Mueggler 1965) . Because foraging is a hierarchical process (Senft et al. 1987) , choices made at 15 coarser scales can constrain alternatives available at finer scales. When livestock select a 16 feeding site (Bailey et al. 1996) , the forages from which they can select are limited to those that 17 are available in that area. 18 Feeding site selection can be modified more readily by managers than diet selection 19 (Bailey 2005). In diet selection, animals make decisions every time they bite, once every one to 20 three seconds. Livestock choose among a multitude of plant species on rangelands, but they 21 usually focus on few species during a grazing bout. For example, 3 or 4 species made up the 22 majority of the diet, but cattle consumed over 25 different species on Chihuahuan Desert 1 rangeland (Rosiere et al. 1975) . Correspondingly, it is difficult to apply diet training to livestock 2 on rangelands and most diet training is done in pens or small pastures where diet selection can 3 be constrained. Consequently, researchers have used early learning to increase use of a target 4 plants species (Walker et al. 1992 ) and aversion learning to avoid grazing poisonous plants 5 (Ralphs 1992) . In contrast, livestock readily respond to management that modifies movement 6 patterns (e.g., herding, development of new water sources, and strategic supplement 7 placement), and these practices can be applied while grazing rangelands. Bailey and Provenza (2008) suggested that feeding site selection patterns of free-9 ranging livestock are influenced by both the availability of preferred forages and satiation.
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Optimal foraging theory predicts that herbivores should switch between feeding sites as forage 11 is depleted and nutrient intake rate becomes noticeably less than levels that can be obtained 14 However, livestock often move between feeding sites before changes in forage availability 15 would likely be noticed. Bailey et al. (1990) found that cattle rarely stayed in the same location 16 for more than two consecutive days in a row in a relatively homogenous pasture in Colorado. 17 In an Oklahoma study, steers alternated among homogenous patches, and selected a nutrient 18 rich patch for several consecutive days in a heterogeneous pasture (Bailey 1995). 19 The satiety hypothesis (Provenza 1996) Free-roaming livestock may move among feeding sites to facilitate diet mixing and to 20 avoid becoming satiated at any given site. Bailey and Provenza (2008) suggest that staying in 21 one spatial location can be aversive resulting in animal becoming satiated with feeding site. (Redbo 1990 ) suggest that animals may become satiated with a spatial location. 2 Restricting the area that livestock and other animals can move increases stress ( Study sites 19 We used GPS tracking data from six ranches that were collected as part of another study. Todd Ranch, visual observations collected prior to collaring were used to select cows that were 4 found at the highest elevations, steepest slopes and areas further from water (hill climbers) and 5 cows that were observed at lowest elevations, more gentle slopes and areas closest to water 6 (bottom dwellers). The extreme hill climbers and bottom dwellers classified using these Pastures were subdivided into 6 to 9 sections in an effort to estimate the locations of feeding 2 sites ( Table 2 ). All GPS tracking data from cows in a pasture were used to classify subdivided Transition matrices were used to examine day-to-day changes in where cattle grazed. 4 Cattle usually went to water daily and often left the section (feeding site) to a common water 5 location. There was only one water source at the College Ranch and Corona Ranch, and cattle 6 had to leave the section they were grazing and walk to a water tank at the edge of the pasture 7 to drink. Similarly, cattle left the section at midday and walked to one of the three water In addition, we calculated the number of times that cows returned to the same section 5 of the study pasture on consecutive days. Linear regression was used to evaluate relationship 6 between the size of sections (i.e., pasture size) and the frequency that cows returned to the 7 same section. 
Results
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Day-to-day movement patterns of at least 13 cows were successfully monitored for over a 11 month each year at the Corona Ranch ( for only one day for 72% of the transitions at the Carter Ranch (Figures 1 and 3) . In contrast, 4 cows stayed in the same section for at least a week (≥ 7 days) for 53% of the transitions at the 5 Todd Ranch (Figures 2 and 3) . Cows stayed in the same section on consecutive days for 93% of 6 the transitions at the Todd Ranch. In the mountain pastures of the Evans and Thackeray Ranches, cattle spent only one day 18 in a section (alternated among sections) for 28% and 53% of the tracking period, respectively.
19
The Thackeray Ranch had by far the smallest sections of the six ranches evaluated (Table 2) , 20 and cows often moved between adjacent sections with similar aspect and topography rather 21 than to more distant or topographically different section. Cows at the Evans Ranch remained in 1 the same section for seven or more consecutive days for 15% of the tracking period (Figure 3 ), 2 and remained in the same section for two to six days for the majority of the tracking period. for only one day during 41% of the tracking period. Cows remained in this sub-section for two 15 to three days, four to six days, and seven to ten days during 32%, 19% and 8% of the tracking 16 period, respectively. 17 The frequency that cows returned to the same section on consecutive days did not where cows remained in the same section for over ten days during 42% of the tracking period, 4 and section size was two times greater than the next largest ranch section. to more homogeneous pastures, and it will likely take longer for animals to become satiated 4 with a feeding site in rough topography than in gentle terrain. Feeding site selection may be a decision process that occurs on an individual basis for 3 beef cattle rather than by a limited number of dominant or leader animals. In herds over 100 4 cows, the mean association among cows was only 3% in an on-going study conducted by 5 Stephenson and Bailey (2014). Additionally, maximum association levels, or the most associated 6 herd-mate, were relatively low among any two cows grazing within the study pastures. Average 7 maximum associations were only 23% for herd sizes over 100. Although cows prefer to graze shows the relationship between percent of the tracking period that cows remained in the same 6 section for ten or more days versus section size. No relationships were detected (P > 0.10) 7 between percent of tracking period and section size for the cows remaining in a section for two 8 to three days, four to five days, and seven to ten days. b Section that a tracked cow was observed on day x + 1
Overall Chi-square = 731.2, df = 49, P < 0.001 b Section that a tracked cow was observed on day x + 1
